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Abdominal Aortic Aneurysm and Aortic Occlusive Disease:
a Comparison of Risk Factors and Inflammatory Response
D. Shteinberg1, M. Halak1, S. Shapiro2, A. Kinarty2, E. Sobol2, N. Lahat2 and R. Karmeli∗1
1Vascular Surgery Department, 2Immunology Research Unit, Carmel Medical Center, Haifa, Israel
Objective: to compare patients with abdominal aortic aneurysm (AAA) and aortic occlusive disease (AOD) with regard
to risk factors for atherosclerosis, co-morbid conditions and inflammatory activity.
Patients and methods: a total of 155 patients undergoing abdominal aortic surgery between January 1993 and October
1997: 82 (53%) had aneurysmal disease and 73 (47%) had occlusive disease. Principal risk factors were compared: age;
gender; smoking; hypertension; hyperlipidaemia; diabetes mellitus; severe peripheral vascular disease (PVD) and ischaemic
heart disease. Aortic wall tissue samples were obtained during surgery. A prospective blind analysis was performed for
the presence of inflammatory cytokines TNF-, IL-1, IL-6 and TGF-.
Results: the average age of AAA patients was 74 years (50–88), while that of AOD patients was 61 years (43–82)
(p<0.0001). Diabetes mellitus was found to be much more prevalent in the AOD group (p<0.001), while hypertension
and severe PVD were more prevalent in the AAA group (p<0.001). No differences were found concerning any of the
risk factors. Inflammatory cytokine activity: AAA tissue samples contained significantly higher mean TNF- and IL-6
levels compared to the AOD samples (5.6±2.7×10E-4 vs. 4.4±2.7×10E-5 atmoles/l (p=0.01), and 0.6±0.4 vs.
0.01±0.006 atmoles/l (p=0.02) respectively). No differences were found related to IL-1 and TGF-.
Conclusions: (1) Patients with AAA have fewer atherosclerotic risk factors than do patients with AOD. (2) Patients
with AAA and AOD have significantly different inflammatory activity. (3) The data supports the hypothesis that AAA
and AOD are probably two different pathological entities.
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Introduction matrix by proteases.12,13 AAA is partly due to mech-
anical and haemodynamic forces.14 Longitudinal stress
is maximal at the point of maximum diameter, whereasAbdominal aortic aneurysm (AAA) is the result of
circumferential stress is maximal near the junction ofdegenerative changes in elastin and collagen.1–3 The
an artery.15 Due to its large diameter16 and bifurca-various factors and mechanisms influencing the pro-
tion,17,18 the abdominal aorta is prone to dilation.cess are not fully understood, but include genetic,
Atherosclerosis is believed to have a secondary roleinflammatory, haemodynamic, and atherosclerotic fac-
in the aetiology of AAA. Atherosclerotic plaque re-tors.
duces the oxygen supply from the lumen to the aorticEpidemiological reports have found a relatively high
wall, which characteristically has relatively few vasaincidence of blood relatives affected with AAA.4 This
vasorum,19,20 and leads to weakening of the aortic wall.genetic pattern is probably multifactorial and the mode
Louwrens et al.21 found that AAA patients wereof inheritance has not yet been determined. AAA is
older and had higher diastolic blood pressure thanalso associated with connective tissue gene mutations
patients with aortic occlusive disease (AOD) but that(e.g. Marfan’s syndrome, Ehlers–Danlos type IV).5,6 The
there was no difference in tobacco consumption, tri-AAA wall is characterised by a chronic inflammatory
glycerides or cholesterol levels. Chan et al.22 found thatinfiltrate.7 The inflammatory cells secrete cytokines8–11
AOD patients were older, and that diabetes mellituswhich influence local inflammatory and mesenchymal
and tobacco consumption were more prevalent. Therecells and lead to the destruction of the extracellular
was no difference with regard to hypertension, isch-
aemic heart disease, and lipid levels. LaMorte et al.23
found patients with AAA to be predominantly Cau-
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casian and to have higher incomes than patients withDepartment, Carmel Medical Center, 7 Michal Street, Haifa 34362,
Israel. AOD. AOD patients were predominantly black and
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had a higher prevalence of diabetes mellitus. Both TNF-, IL-1, IL-6 (using a 3 l sample cDNA) and
TGF- (using a 6 l sample cDNA). The PCR productsgroups were characterised by male predominance,
hypertension, and tobacco consumption. were visualised following electrophoresis on ethidium
bromide stained agarose gels. The presence of a specificThe purpose of this prospective study was to com-
pare risk factors between patients with AAA and band following electrophoresis was considered RNA
positive.patients with AOD. In addition, aortic wall tissues of
both groups were assessed for inflammation.
Southern blotting
Non-radioactive dot blot (DIG system, Boehringer
Mannheim, Germany) was performed using 5 l PCRMaterials and Methods
product and internal oligonucleotide probes for each
cytokine (Clontech), to confirm specificity of PCR prod-Patient selection
ucts and to increase sensitivity. Visualisation of “dot”
was considered positive.This prospective study included 155 patients who
underwent surgery for AAA (82) or AOD (73) between
1993 and 1997. AAA was >5 cm in diameter on CT
Quantitative PCRscan. AOD was defined as a symptomatic, severe
TNF- and IL-6 mRNAs were quantitated using com-aorto-iliac disease (Fontain class IIb–IV). Patients with
mercial standard DNA (Clontech). Constant volumesless than 2 years’ life expectancy or high anaesthetic
of sample cDNA (5–10 l) were amplified in the pres-risk were excluded from both groups.
ence of 2- or 10-fold serial dilution of standard DNA.
Densitometric assessment (Bio Imaging Systems, Ap-
plitec, Israel) of the DNA bands in the gel enabled
calculation of the ratio between sample and standardStudy design
DNA PCR products. Linear regression of the ratios
plotted against molar quantities of the standard en-Age, gender, risk factors and co-morbid conditions
abled the calculating of the cDNA quantity in the testwere recorded, including diabetes mellitus (DM),
sample at the point at which the sample/standardhyperlipidaemia, smoking, hypertension (HTN), isch-
band density ratio was equal to one.aemic heart disease (IHD), chronic obstructive pul-
monary disease (COPD), asthma, renal failure, and
previous peripheral vascular disease (PVD) operations.
Hypertension was defined as diastolic pressure above
90 mmHg or systolic pressure above 140 mmHg.
Statistical analysisAortic wall biopsies were randomly collected at
operation, snap frozen in liquid nitrogen and analysed
Statistical significance of epidemiological data wasfor inflammatory factors using reverse transcription-
determined using Chi-square test. Fisher’s exact testpolymerase chain reaction (RT-PCR), Southern blot-
was used when the data was minimal. Immunologicalting, and quantitative PCR.
data significance was determined using Wilcoxon
signed rank test. p values of <0.05 were consideredRT-PCR
significant. Mean±standard error of mean are pre-Total cellular RNA was extracted from homogenised
sented in histogram and text.specimens with Tri-Reagent (Medical Research Center,
OH, U.S.A.). To increase RNA precipitation, glycogen
(20 g) was added to isopropanol and samples were
stored at −20 °C overnight. Following quantitation of
precipitated RNA, determined by spectrophotometer,
3 g RNA was used to prepare complementary DNA Results
(cDNA) by reverse transcription using Moloney’s Mur-
ine Leukemia Virus (Amersham-USB, OH, U.S.A.). Risk factors
The integrity of the mRNA was evaluated by PCR
performed with commercial primers (Clontech, CA, The mean age of the AAA group was 73 (50–88) and
of the AOD group 62 (43–82) years (p<0.0001). ThereU.S.A.) specific for housekeeping gene, G3PDH (using
1 l sample cDNA) and for the presence of cytokines was a higher prevalence of hypertension in AAA
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Table 1. Prevalence of risk factors and co-morbid conditions in of the AAA samples and only one of the AOD samples
AAA and AOD. were revealed as IL-6 positive in the RT-PCR; however,
Risk factor AAA (%) AOD (%) p value this difference was less apparent in the more sensitive
(n=82) (n=73) dot blot assay. Expression of both IL-1 and TGF-
were found in both groups in similar percentages.Diabetes mellitus 5 (6) 26 (36) <0.001
Hypertension 58 (71) 22 (30) <0.001 A significantly (p=0.01) higher mean level of TNF-
PVD procedures 7 (9) 26 (36) <0.001  was found in samples from AAA patients
Gender (male) 74 (90) 62 (85) n.s. (5.6±2.7×10E-4 attmoles/l; median 3.1×10E-4)
Hyperlipidaemia 15 (18) 20 (27) n.s. compared to that in AOD samples (4.4±2.7×10E-5Tobacco consumption 67 (82) 66 (90) n.s.
attmoles/l; median 0) (Fig. 1a). Similar findings wereIschaemic heart disease 40 (49) 28 (38) n.s.
COPD/asthma 28 (34) 19 (26) n.s. observed for IL-6 (p=0.02); the mean level in AAA
Renal failure 12 (15) 8 (11) n.s. samples was 0.6±0.4 (median 0.26) and 0.01±0.006IHD procedures 13 (16) 11 (15) n.s.
(median 0.026) attmoles/l in AOD samples (Fig. 1b).
n.s.=non-significant.
Table 2. Positive samples for cytokine presence.
DiscussionRT-PCR assay Dot blot assay
AAA AOD AAA AOD This study, comparing AAA and AOD parameters,
(n=14) (n=7) (n=14) (n=7)
demonstrated significant differences in several athero-
TNF- 2 (14%) 0 10 (71%) 4 (57%) sclerotic risk factors and in the prevalence of in-
IL-6 9 (64%) 1 (14%) 9∗ (69%) 4 (57%) flammatory mediators.
IL-1 3 (21%) 1 (14%) 8∗ (61%) 4 (57%)
Diabetes mellitus was significantly less prevalentTGF- 12 (86%) 5 (71%) Not done Not done
G3PDH 14 7 14 7 among AAA patients than among AOD patients. No
differences were found with regard to ischaemic heart
∗ Total number of samples examined was 13.
disease and hyperlipidaemia. The AAA group was
significantly older.21 Previous PVD procedures werepatients, while diabetes mellitus and previous pro-
more common in the AOD group. This may suggestcedures were predominant in the AOD patients (Table
that the extent of atherosclerosis was more severe in1).
these patients. Male gender and tobacco consumption
(more than 80%), which are well-known atherosclerotic
risk factors, were found to be very high in both groups
with no significant difference. This finding contradictsImmunological profile
that of LaMorte et al.,23 namely, that male gender is a
stronger risk factor in AAA than in AOD and smokingQualitative analysis of cytokine mRNA expression
Using RT-PCR, AAA samples and AOD samples were is a stronger risk factor in the AOD group. In con-
clusion, our results suggest that AAA is not entirelyexamined for mRNA expression. RT-PCR found two
of the 14 AAA but none of the seven AOD samples due to atherosclerotic disease, as traditionally de-
scribed.positive for TNF- using 3 l cDNA sample (Table 2).
The more sensitive dot blot assay showed a higher This study also indicates that AAA patients exhibit
a higher prevalence of hypertension, compared withnumber of positive samples (Table 2). Similarly, nine
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Fig. 1. Quantitative PCR of cytokine mRNA. (C) AAA; (C) AOD.
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aneurysms: Immunophenotypic analysis suggesting an immune-atherosclerotic AOD patients.23 This may suggest the
mediated response. Am J Pathol 1990; 137: 1199–1215.
possible role of haemodynamic mechanisms in the 8 Newman K, Jean-Claude J, Lil H, Ramey W, Tilson M. Cyto-
kines that activate proteolysis are increased in abdominal aorticprocess of aneurysm formation.
aneurysms. Circulation 1994; 90: II224–II227.Previous studies using ELISA or immunoblot assays
9 Pearce WH, Sweis I, Yao JS, McCarthy WJ, Koch AE. Inter-
found higher levels of TNF-, IL-1, and IL-6 in cir- leukin-1 beta and tumor necrosis factor-alpha release in normal
and diseased human infrarenal aortas. J Vasc Surg 1992; 16:culation or supernatant from cultured explants from
784–789.AAA patients.7–11 Our present study supports these
10 Szekanecz Z, Shah M, Pearce W, Koch A. Human athero-
results and expands them by revealing the presence sclerotic abdominal aortic aneurysms produce interleukin (IL)-
6 and interferon-gamma but not IL-2 and IL-4: the possible roleof mRNA for these cytokines in AAA biopsy samples,
of IL-6 and interferon-gamma in vascular inflammation. Agentssuggesting that their modulation may be at the tran- Actions 1994; 42: 159–162.
scriptional level. In addition, the comparison of mRNA 11 Koch AE, Kunkel SL, Pearce WH et al. Enhanced production
of the chemotactic cytokines interleukin-8 and monocyte chemo-levels of these cytokines showed quantitative dif-
attractant protein-1 in human abdominal aortic aneurysms. Amferences between AAA and AOD. The levels of pro- J Pathol 1993; 142: 1423–1431.
inflammatory IL-6 and TNF-were significantly higher 12 Cohen JR, Sarfati I, Danna D, Wise L. Smooth muscle cell
elastase, atherosclerosis, and abdominal aortic aneurysms. Annin AAA. Both these cytokines are known to up-regulate
Surg 1992; 216: 327–330.the secretion of matrix metalloproteinases whose levels 13 Vine N, Powell JT. Metalloproteinases in degenerative aortic
have been reported to be increased in AAA.1–3,8,12,13 IL- disease. Clin Sci 1991; 81: 233–239.
14 Laustsen J, Paaske WP, Oyre S, Pedersen EM. Dynamic quan-6 and TNF- may also be involved in neo-
tification, visualisation and animation of blood velocities andvascularisation of AAA.24 flow in infrarenal aortic aneurysms in vivo by three dimensional
This study shows that AAA differs from AOD by MR phase velocity encoding. Eur J Vasc Endovasc Surg 1995; 9:
383–388.the inflammatory response, existence of a genetic pre-
15 Stringfellow MM, Lawrence PF, Stringfellow RG. The in-disposition, and involvement of risk factors. Although fluence of aorta-aneurysm geometry upon stress in the aneurysm
wall. J Vasc Res 1987; 42: 425–433.the aetiology is not fully understood, we have
16 McDonald DA. Blood flow in arteries. London: Edward Arnold,shown AAA to be multifactorial and not primarily
1974.
atherosclerotic. 17 Gosling RG, Newman DL, Bowden NLR, Twinn KW. The area
ratio of normal aortic junctions. Aortic configuration and pulse-
wave reflection. Br J Radiol 1971; 44: 850–853.
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dog. Cardiovasc Res 1973; 7: 6–13.References
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